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Abstract. We present a calibration of the metallicity and physical parameters (temperature, 
I . I , luminosity, gravity, mass, radius) for RR Lyrae stars using the ugriz SDSS photometric sys- 
Ph ' tem. Our work is based on calculations of synthetic horizontal branches (HBs), fully taking into 
^0 account evolutionary effects for a wide range in metallicities and HE morphologies. We pro- 

(-H vide analytical fits that are able to provide all quantities mentioned with very high (internal) 

O precision, based solely on mean SDSS magnitudes and colors. 

^ ' Keywords, stars: fundamental parameters, stars: horizontal-branch, stars: variables: other 
1. Introduction 

The Sloan Digital Sky Survey (SDSS; York et al. 2000; Aihara et al. 2011) represents 
1^ • the dawn of a new era in astronomy, in which wide-field sky surveys play increasingly 
important roles. Such surveys are of key importance for our understanding of structure in 
the Universe, both locally and at cosmological distances. In this sense, it is particularly 
\ important that the properties of key distance indicators, such as RR Lyrae stars, are 
well-understood and properly calibrated on the basis of SDSS photometric indices. 
j <~>) " In the wake of the SDSS survey itself, the SDSS photometric system (Fukugita et al. 
■ 1996, 2011) has gained much visibility, and SDSS filters are now commonly available 
at all major observatories. Indeed, many of the current and future wide-field dedicated 
telescopes and surveys, including the Large Synoptic Survey Telescope (LSST; Ivezic 
_ et al. 2008b), PanSTARRS (Kaiser et al. 2002; Stubbs et al. 2007), the VLT Survey 
/S ' Telescope (VST; Kuijken et al. 2002), the Dark Energy Survey (des; Tucker et al. 2007), 
^ and SkyMapper (Keller et al. 2007; Bessell et al. 2011), will be (or are already) carried 
" " ■ out using filter systems that generally bear close resemblance to the original SDSS system. 

While it is known that the SDSS system possesses great scientific potential for a variety 
of science applications, including stellar populations (e.g., Lenz et al. 1998; Helmi et al. 
2003; Ivezic et al. 2008a; Lardo et al. 2011; Vickers et al. 2012), the behavior of variable 
stars in general in such filter systems has not yet been as extensively studied as for 
more traditional filter systems, particularly the Johnson-Cousins system. For instance, no 
systematic studies of RR Lyrae variability in globular clusters has yet been carried out in 
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the SDSS system, and similarly theoretical analyses of RR Lyrae variable stars in the SDSS 
system are almost entirely lacking, with the studies of Marconi et al. (2006) and Caceres 
& Catclan (2008) seemingly representing the sole exceptions. To extract the maximum 
amount of information from extensive RR Lyrae databases that are increasingly becoming 
available in the SDSS (or similar) systems (e.g., Sesar 2011; Sesar et al. 2007, 2010, 2011), 
more extensive theoretical analyses are clearly needed. 

In this sense, we recently started a systematic study, based on theoretical models and 
synthetic calculations for horizontal-branch (HB) stars, to define precise relations that 
should allow one to calculate distances, reddening and metallicity values, and physical 
parameters of RR Lyrae stars from SDSS photometric observations. In Caceres & Catelan 
(2008) we presented the first detailed calibration of the RR Lyrae period-luminosity (PL) 
and period-color (PC) relations in the SDSS system. 

One shortcoming of the Caceres & Catelan (2008) PL and PC calibrations is that 
they require a priori knowledge of the metallicity, which is frequently not available, espe- 
cially for field stars. Currently this requires either spectroscopic information or Fourier 
decomposition of F-band light curves, whose parameters have been calibrated in terms 
of metallicity (Jurcsik & Kovacs 1996; Morgan et al. 2007). However, as pointed out by 
Jurcsik & Kovacs (1996), such calibrations of Fourier-decomposition parameters are not 
applicable to all RR Lyrae stars, requiring very well-behaved light curves. In addition, 
exceedingly complete phase coverage is required for the computation of reliable Fourier 
parameters. Therefore, calibrations that are based solely on the average photometric 
properties of the RR Lyrae stars are certainly desired. 

The main purpose of the present project is thus to extend the Caceres fc Catelan (2008) 
study, by providing an additional set of analytical expressions that allow one to compute 
metallicities, luminosities, temperatures, masses, gravities, and radii of RR Lyrae stars, 
solely on the basis of their average photometric properties. Our numerical experiments 
have shown that it is possible to derive fairly precise relations in the multiband SDSS 
and Stromgren (1963) systems, whereas we have not achieved similar success for the 
Johnson-Cousins U BVRI system. 

2. Models 

The HB simulations computed in the present paper follow the same techniques as 
described in Catelan (2004) and Catelan et al. (2004), to which the reader is referred 
for further details and references about the HB synthesis method. In the present paper, 
we use the same HB simulations as already employed in our study of the PL and PC 
relations in the SDSS filter system (Caceres & Catelan 2008). 

3. Pseudocolors for the SDSS System 

In this study, we define two pseudocolors in the SDSS system. 



These indices are patterned after the well-known gravity and metallicity indices of the 
Stromgren (1963) system. Similarly to what happens in the latter system, both indices 
are fairly insensitive to reddening, with E{C\) » —Q.2>2E{B — V) and E{m\) « —0.38 
E{B — V). Caceres & Catelan (2008) already showed that the introduction of Co allows 
one to compute precise relationships for the derivations of absolute magnitudes and colors 



Co = (u - ,g)o - (5 - 7-)o; 
"^0 = (5 - r)o - (r - z)o. 



(3.1) 
(3.2) 
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in the SDSS system; we have found that mo is also very helpful, as far as derivation of 
metallicity and the remaining physical parameters of RR Lyrae stars is concerned. 



4. Results 

Pull details of this investigation will be provided elsewhere; here we give only a brief 
preview of our results, showing a preliminary, small subsample of the relations derived 
so far. In all relations that follow, the (fundamentalized) period is given in days. 

4.1. Temperature 

logTeff = A + B{g - r)o + Cmo + Vm^ + £{g - r)o(logP)2, (4.1) 

where A = 3.84493, B = -0.43149, C = 0.24311, V = 0.21078, and £ = 0.15544. The 
correlation coefficient is 7?. = 0.99997, and the standard error of the estimate amounts to 
£7 = 1.7 X 10-^ dex. 

4.2. Gravity 

\ogg = A + B\ogP + Cmo+V{g-r)o, (4.2) 

where A = 2.49342, B = -1.22603, C = -0.36479, and D = 0.24119. The correlation 
coefficient is 7?. = 0.99995, and the standard error of the estimate is cr = 0.0011 dex. 

4.3. Luminosity 

log(^-^^=A + BMl log P + CMg + V{g - r)o 

+ £\ogP + T\ogP{g-r)o + gml, (4.3) 

where A = 1.78262, B = 0.07619, C = -0.49604, V = 1.05627, £ = -0.40866, F = 
0.37410, Q = —1.21339, and Mg can be obtained from the equations provided in Caceres 
& Catelan (2008). The correlation coefficient here isTZ = 0.99945, and the standard error 
of the estimate is cr = 0.0019 dex. 

4.4. Mass and Radius 

Note that, by using the previous equations, the definition of surface gravity, and the 

Stefan-Boltzmann law, one can also derive high-precision masses and radii. More specif- 
ically, masses derived on the basis of these expressions have an internal <j = 0.0017 Mq, 
whereas in the case of radii one has a = 0.0026 R©. 

4.5. Metallicity 

[Fe/H] =A + BM!k + Cmo(log Pf + Vmo[Fe/R]l (4.4) 

[u - g)o 

with 

[Fe/H]o = £ + J'Co^mo, (4.5) 

where A = -0.78752, B = -0.52606, C = 20.20356, V = 0.61526, £ = -3.29763, and 
!F = 13.98842. The correlation coefficient is 7?. = 0.99445, and the standard error of the 
estimate is cr = 0.039 dex. 
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4.6. Robustness of the Relations 

We have run extensive tests to check the robustness of the relations provided, based on 
independent sets of HB models covering a wider range of metallicities than originally 
used in Caceres & Catelan (2008), as well as empirical data, particularly for [Fe/H] (e.g., 
De Lee et al. 2007; De Lee 2008; and references therein). We find that the relations can 
be safely used, even outside their original range of applicability, provided that errors in 
the measurements of the colors and magnitudes of the 'equivalent static star' are not 
larger than 0.01-0.05 mag. In this context, work along the lines of Bono et al. (1995), 
but specifically focused on the SDSS filter system, is strongly encouraged. 
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